Baarn, Netherlands ; American Type Culture Collection, Rockville, Maryland, U.S.A. ; Northern Marketing and Nutritional Research Division, A.R.S., U.S.D.A., Peoria, Illinois, U.S.A. ; Mold Herbarium and Culture Collection, University of Alberta, Edmonton, Alberta, Canada (no. UAMH 3489). J. W. Carmichael of the University of Alberta identified Fungus D as a new species of the genus Scytalidium and intends to publish the description.
The fungus was maintained on the following medium (g/l): glucose, 10; (NH,)2S0,, 0.5; KH2P0,, 0.5 ; K2HP04, 0.5 ; MgS04. 7H20, 0-I ; CaCl, .2H,O, o m I ; FeSO, . 7H20, 0.01 ; distilled water to 1000 ml. The glucose was sterilized separately. The fungus grew well in this medium with initial pH values of 7.0 to 0.5, and made some growth at pH 0. The medium became increasingly acid during growth; as tolerance to copper was greater at low pH, it was difficult to establish the influence of pH on copper toxicity. To overcome this difficulty, NaNO, containing an equivalent amount of nitrogen was substituted for (NH4)$04 in media for cultivation of Scytalidium sp. except in the first experiment ( Table I) .
The copper was added as CuSO,. 5H,O. When oxine was used it was dissolved and sterilized in ethanol, and appropriate dilutions in water were added to sterile media. The 125 ml Erlenmeyer culture flasks contained a final volume of 50 ml of medium after all constituents had been added. The media were inoculated with portions of 7-to 14-day-old fungus pellicles grown on the glucose-nitrate solution medium. Preliminary tests provided no evidence that cultivation of Scytalidium sp. in medium containing 0-1 M-copper sulphate increased its tolerance to copper. The inoculated media were static during incubation at 28 "C. The effect of copper on growth of the following filamentous fungi was determined also : Aspergillus $@us, A . niger, A. oryzae, Penicillium notatum, P. simplicissimurn, Trichoderrna koningi, Fusarium oxysporum, F. culmorum, Monilinia fructicola, Stemphylium sarcinaeforme and Rhizopus nigricans. The cultures of M . fruticola and S. sarcinaeforme were generously provided by J. G. Horsfall of the Connecticut Agricultural Experiment Station, New Haven, Connecticut, U.S.A. The other fungi came from the culture collection of the Department and most had been isolated from soil. Some of these fungi grew poorly or produced acid when grown in the glucose-nitrate medium. The following changes in medium composition resulted in good growth, and the pH of the media increased during growth. In the medium for A. niger and R. nigricans 0.1 yo (w/v) L-asparagine was substituted for nitrate and 1.07~ (w/v) Na-lactate and 0.5% (w/v) glucose were the sources of carbon. For M . fructicola 0.1 yo (w/v) L-asparagine was used as the source of nitrogen, I -O~~ (w/v) Na-succinate and 0.5% (w/v) glucose were the sources of carbon and 0.05y0 (w/v) yeast extract was added.
For S. sarcinaeforme 0.1 yo (w/v) L-asparagine was used as the source of nitrogen.
Since addition of relatively large amounts of copper sulphate increased the acidity of the media, alkali was added to adjust the pH. Much of the copper in media with more than 4 x I O -~ M-copper sulphate and having pH 5.0 to 7.0 became precipitated as copper hydrate, and there was some precipitate at pH 4-0 to 5.0. To avoid interference from the precipitate when the mycelia were harvested, 3 to 10 ml of I M-HCl was then added to the culture medium to dissolve the precipitate. The mycelium was collected on tared filter paper and was thoroughly washed before being dried to constant weight at I I O "C. The values for cell weight are averages of closely agreeing duplicate cultures. The cultures were generally incubated for 4 to 6 weeks.
RESULTS

Efect of nitrogen sources on changes in p H and copper toxicity
Scytalidiurn sp. grew at all the pH values tested in the absence of copper, and in the media with ammonium nitrogen that contained copper (Table I ). The metal was somewhat toxic 6.9 6.7 6.7 3'7 3'9 3'9 3'9 4'0 2.9 2.8 3'0 2'9 2.8 1.9 2'1 7'7 7'5 6.8 6.7 7'0 7'0 6.6 6.3 4'7 7'5 7'4 4'7 4'2 3" 2'3 2'0 near neutrality in the ammonium medium. The fungus did not grow at pH 4-4 or above in the nitrate media containing copper and its growth was restricted at initial pH values of 2.8 and 3.1, but here growth resulted in an increase in pH to nearly 4.0, which may have prevented further development.
Efect of p H on toxicity of copper to Scytalidium sp.
Copper tolerance of this fungus is not lost readily, as there was no apparent change in resistance to high concentrations of copper in more than 20 years of cultivation on a medium devoid of added copper. A survey by Ashida (1965) indicated that acquired resistance to copper is relatively stable but that some cultures lost resistance when cultivated in absence of copper.
Scytalidium sp. was more resistant to copper in acid media ( Table 2) . The pH increased during growth in the nitrate-containing media except at initial pH values close to 2.0. Copper concentrations greater than 4 x I O -~ M were strongly toxic or inhibitory near neutrality, although under these conditions much of the copper was precipitated, reducing the amount of soluble copper.
Toxicity of copper to various fungi
The effect of pH on copper toxicity for other fungi differed from that for Scytalidium sp. Whereas Scytalidium sp. failed to grow at neutrality or pH 4.0 in media containing 4 x I O -~ M-copper, all of the following fungi grew under these conditions ( Table 3) Unlike Scytalidium sp., all of the other fungi grew at neutrality in media with 4 x IO-, Mcopper and six of the eleven developed at neutrality with 4 x IO-, M-copper. None showed increased tolerance to copper with increase in acidity of the media. They were less tolerant to acidity than was Scytalidium sp., which grew in media as acid as pH o in absence of copper sulphate and at pH 0.3 in a medium saturated with the salt (Starkey & Waksman, 1943) . None of the other fungi grew at pH 1.0 even in the absence of copper, and 4 cultures failed to develop at pH 2.0.
Eflect of oxine on copper toxicity for Scytalidium sp.
Oxine was toxic in the absence of copper sulphate (Table 4) , more so at higher pH values. Comparison of the data in Tables 2 and 4 indicates that oxine toxicity was dominant where both oxine and copper were present. Wherever there was growth, the pH rose as in previous experiments. Based on chelation of one atom of copper by 2 molecules of oxine (I : 2 complex), there was more than sufficient oxine to chelate all of the copper at one or more concentrations of copper sulphate at each oxine level.
Tests were made also with the chelating agent EDTA with both Na-EDTA and Cu-EDTA at concentrations of 3 x IO-, and 3 x I O -~ M. There was no evidence of reduction of copper toxicity by EDTA for Scytalidium sp. in media containing 4 x IO-, M-copper and having pH values of 0.5, 2.0, 3.0 and 6.0. Furthermore, there was no evidence of toxicity of the chelating agent at these pH values in the absence of copper sulphate except that 3 x IO-, M-Na-EDTA inhibited growth at pH 3.0.
EHects of salts of other heavy metals on Scytalidium sp. The fungus was grown in the glucose-nitrate medium containing several concentrations of the following compounds and at pH 7.0, 4.0, 3.0, 2.0 and 1.0 : FeCl, . 6H20, CoCl,. 6H,O, CrCl,. 6H20. In the media with high concentrations of ferric and chromic chlorides, there was considerable precipitation except at the most acid pH values. fungus was tolerant to relatively high concentrations of salts of these metals at all pH values. Cobalt was more toxic than iron or chromium. As in previous experiments growth in media with initial pH values of 3.0, 4.0 and 7.0 resulted in marked increase in pH.
DISCUSSION
The unusual tolerance of Scytalidium sp. to copper was confined to acid media, as it grew in media saturated with copper sulphate at pH 2.0 to 0.3 (Starkey & Waksman, 1943), but it made practically no growth in media containing 4 x I O -~ M-copper with initial pH values of 4.0 or above. In media of pH 3.0 containing I O -~ M-copper sulphate, the pH rose to less than 5.0, but at lower concentrations of copper the pH rose much higher and there was more growth. The pH range of 4-2 to 5.0 appears to be the critical one for copper toxicity and possibly reflects the effect of pH on the uptake of copper, so that above pH 4-2 to 5.0 copper could penetrate the cell but at the lower pH values copper uptake is reduced or ceases. Among the factors responsible for development of copper tolerance by fungi and yeasts, Ashida (I 965) mentioned reduction in permeability, production of copper-binding compounds such as cysteine, and changes in certain metabolic and enzymatic activities, Possibly the reported tolerance of copper by the acidophilic cultures of sulphur bacteria of the genus Thiobacillus (Booth & Mercer, 1963) is also caused by a lack of copper absorption at low pH levels.
The effect of pH has seldom been considered in studies of toxicity of copper to fungi. Bedford (1936) reported that a species of Penicillium was not affected appreciably by high concentrations of copper sulphate between pH 2-5 and 6.4 but that there was no growth in alkaline media. I have found that various fungi, other than Scytalidium sp., tolerated high concentrations of copper in neutral and acid media. On the basis of development of pregrown mats of Penicillium lycopersici, Scott (1929) concluded that toxic cations, such as copper, were most inhibitory at pH greater than 5.5. From such results, Scott (1929) and Horsfall 15-2
